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(57)Abstract: 

PROBLEM TO BE SOLVEDrTo restore defects of the gate 
insulating film which has an extremely small thickness of <S 
nm (equivalent to silicon dioxide) of an MISFET, in which a 
metal gate electrode is formed on the gate insulating film 
without oxidizing the metal gate electrode. 
SOLUTION: After a W film HA composed of a gate electrode 
material is formed on a gate insulating film 9A, which is 

formed on the main surface of a single-crystal silicon - v>>s^ >^ y yy>y:.j>:^J^^^ 

substrate 1 and has a thickness of <5 nm (equivalent to - y^^^y^^ 

silicon dioxide), the defects of the film 9A immediately below ly ^ \ y ''^ 1 y j V 

the ,W film 11 A are restored by heat-treating the substrate 1 * i 

in the atmosphere of a mixed gas of moisture and hydrogen, 

which is prepared by adjusting the moisture/hydrogen ratio, 

in such a way that the W film 1 1 A is not oxidized 

substantially, but the silicon is oxidized. 
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SX@, ( b ) miiy~VMmm±iz. V^y 

:Ai>ivm.^f^i'--yyLX)^^)vy- h^m^mm- 
^is. ( c ) i^'rt/m^EUcmiim^.^wi.im 

2 ] ii*js 1 %m<r>^mw:mwmmm.<r>m 

[ff^jasi if^2ie«<7)^flj«siii8mM<^ 

t V . miY- h tmm-mit> o a y^^ 
M.mmi,i. 4nni*)^T'j)i. ^ k t^mwm 

miimizm^x . muy-hfrnm-mt'^u^ym 

( b ) IfrlBy- h^M^IS±fc, ^^^BX U 3 y 

i>is, ( c ) m/^m^mtmnm^-^m^m 
^yyxTyxhhzt^mmtth^mwm^^m 



1 iOiffiicrjx ij 3 y*Htcm-r.|.lS, ( b ) frie 

y~vm^WkiL\.z. ^^i^iy')^yiim^j:mmmt 
/:m'hWf^iM^tj^mk^mAzmm:f. x 

mm. 1 0 ] m.-^mmn^mmmmwr) 
■^■)mz^\^x. -mMwrnmrnL-th^i. 
9y'9ivxhh^'fkm.t^h^wmm^(r> 

m±-nmzii\^x. imtkwmmiw^'th^mt. 
r}v^-^h.xhh^'fk'm.k.^h^^mkm,^ 

m&-nmzii\^x. m^-kwrnm-t. ABO3 
mn^uzrxtiA Ywm^'^^-^wk.X'h-iX. m 
f^ias tcfc i ^x ^^mzh 1 1 coxh izt ^mit 

1 3 ] m^m 1 2ie«oiii^#:»aiiis§ga 
( a ) mtAimt i:^ts/fxnmf^'pizmm'im 

7cT«fllS*<x'J rjyc7)-enj: 0 i>®7K^ffi!ltcJ)l.lll 
II 1 to±ffl±«x u 3 y^ffltcj^^-rsis. ( b ) * 

i^/*«^Eit*-'B!iiB V 'J 3 ymm^mMmzmm 
m 1 c7)is*i»j«$nitfffleii 1 (TiiMizMLxmrnt 
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t^xm, ( c ) BuiB ( b ) jMrnttziiikiz. y- 
imm 1 5 ] mm 1 4 imco^wmmj^ms. 

<Dmmj-mzi5\,^X . mtiib) JMlzmmmyii^ 

-tiztizj^-yxm^^ixizb^mb-thmm, 

( a ) mb7\imt^^tsiix'mmi>zmhmim 

Sr . "^xvNiOl^ 1 iOiffliiOv U a y^ffilcjg^-f SI 
8. ( b ) *^/*«^JEJt A^'Mie V y 3 y^HJ 

^j:m^izm.^^titz:^^bimb ^^tsifxmm 

mmi.z^mtzb'.zii'^x. imiY-vmm^<r) 
xmmm-hxn. ( c ) buib ( b ) xm.<rmtfz\,i 
mz. mi.y-vtmm.\,zy-vn.%mm-hx 

mm. 1 8 ] if 1 7 iBiifio^«^iHissiifi 

cos3t*ffitcfcv^T, ( a) xmzmmiiy- 
vmmi. mi.'y')^ym.m±.<.zw.iVy')oymit 
Lxmmtihzb^'mb'ri^wmmmm.'n 

{ m^m 1 9 ] mm. i s iet!i£7)iti^i4s*«i£]s&gs 
{mm 2 0 ] mm 1 9 im<r>^w»m!mm. 

<rm^-m\,zii\^X. ffflE ( b ) imcfcltsmiB** 

thzuzx-^xm^^tih^bimLb-Th^mk 
( a ) mbAmb^^ts:^xwmm^zi5i.'fmim 

mmmWfiU')-:i><r>^tii:^i>^i^Mzhhf^l 
<nnm^-kW,^^Wj:^%b'tt^^)Vmif'^^-->' 
y-fhzbi.zii'ox. 'Ox.f\(r>^i<r>iM±.<r>=/^J^y 
^m^zy- vm^^mm-hxu. ( b ) miiy- v% 
mm^^tifzm^ximsm, 1 <r)±mznLxwms: 



WL, m\Li^')^y^:±m^j:^'9tbt^y-vmmi 
{mm2 2 ] mm2 1 isKco^i^^jmaiHiKgs 

I. , ItiiB^ 1 co^BL'S^Mti , t 'J 7" 

^mssmi/ u 3 ytofixj: o i,m.-m\izhtmi o 
fig-f sxs. ( b ) freig 1 ioii*«»^$*t^«.i[-c. 

b^j:i,K^m2(r)m^ . miw.i(n^m±.^zmm-hx 

( c ) li!riBmi<7)jSfcJ:i/Jii!riBg2cOK2ryN-^'-- 

( d ) frifiy- h nmtm^ § ti^t ^fc^-CBuiem i 

IBmicT^HSre-fMI-Svltt^.k-o-C. ^'-hlfiiglS 
[11^312 4] 11*112 3 iBiJc7)^ft««IlISS^a 

o»ji:^tfci,^T. BfiiBm2ossus^m{i, 

{mm2 5 ] is*«2 4iBKco^ft««iiis5^a 

(^wm-m^zuK^x . mmm<7iWL^.^mt, 

>J)Va-^j^t.rz\,P^y-'^J^X'hhLbimLb 

[mm2 6 ] \xrmm)^(:>^j:hm^mmm. 

m.; 

{ a ) 1^ 1 oiffitci/ y 3 y^m^^-th^mmmii 

»Mg, ( b ) fflBi' y 3 y^ffiCiStfifi^it^ki^';!^ 

n:::':;^. MW^y =-'^J^^fz^iZK(^bm{t^fycr) 

0 h(r)2miix±.<mimi-^ijX7tt.fzi,i^7m\mi 

^Wsmb-Thy- vmm. ( c ) friey- hitei^i 

mi.^z^^'f^tifzy-vmm. 

utm 2 7 ] iiiTi7)xg*^^>^:i.^**aw^ 

( a ) ZK-ftx y 3 y«i»M**i 5nm*}li7)|gli5::t 
L, i5^t:xy3yJ±®^rfi£^)-t-ri.m-*feiSMltf^{i 

wm: . 1 <o±ffl±f) X y 3 ymmizm^t 
ixm, ( b ) wiiiy- himm±mm&^^u rmi 
m^thxm. (c) fjiBwrnttys-yrKiic. 

y 3 y S-i^lSfigg^fc-ri. +SJiS::fr-r5 Zb^j: 
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m-hiM. ( e ) m/:^m'^tm.iimtmmM±m 

mi^y- vmmm^^fitzmm i oistMLT^ 
p c t J; o -c , mty- h nmjmu 

<^w^-)fmzii\^x . mwmi<^nmm.w,i,i. ^yy 
mm. 

[0001] 

MI SFET (Metal Insulator Semiconductor Field E 
ffect Transistor) ^^'^hmWm.Wim'S.ffim. 

mmLxmits:m^zmh, 

[0002] 

imkmrn^ mm&5 9-13213 enm {>m 

m)^t. Si (x'Jny) S«±twM (i^ttiMo 

^byi(.m<r)m^nm%^xmti:froZ}:.^zX^. w 
(Mo ) HSrS^LtSC: t=5r ttcs i O^SrjiTOcil 

SSi:^l.*ii-/*^:»fflt*^'W (Mo ) t S i feM=^ 
l.e«S:fiML^tO-C, i<7)^EJt^, W (Mo ) ti 
ii7c$tT.I.*-'S i tii^-ft^^il, J; 3^:ffiHrt{«-tS 
c:tl=j:o-C. Si<r)mmmti%mLX\^h. 
C 0 0 0 3 ] #g^^7 - 9 4 7 1 6^&?8 (ttW^ ) 
ti, S iS«±(cy-hi?«^^LTTiN>5rt'oa 

hzb^£Uzsi (Ti^'kMtKmzm.itx'^ htmz.Tii 

[0 004] ^^8360-1 60667-^i;rfS (§*) 



v\ ±immi,z<m^iix^^tmmim.mmi,zmwi. 
^itizbizx-^x, m^<r,^mi,zmibxm\'^mm<7)Wi 
^tyo^ymm^tmmm^^ix\^:h. 

[0005] 

immmij: 0 b -tmm] ( 1 ) y- h**^o . 

1 8 M mtlT«W=5:M I S F E TT|HlSS$-1i«-r§ C 

MO s - L s I a. {gi8ff»#i»fjcfcv^r t y- has 

iimtx-sma^immhfzMz. ^mi^tsms. 
inMmmi:m^xy~ hvmmm-itbm^^ 

[0006] z<^m(Dm.my- hwmnb Lx^:h 
mtiXK^i,<7)it, §'m^B'yv^ym±mzmm^ 
mmmnuzm^vm mr. ^o^i?)Ub\^d) 

mmb Lxmm-thzbhxih. nmA±mb ix 

{■^yyxTy) . mo (^ut'tv) , ti (f-^' 
iI»c:ti<i><^jg]Sll^^]|Sll$rfllii-f !> t M«i^S3t:b*« 

igTL?to, m^mmyu^ixx'n^(r>^mi,z^mK 

ISIfcTiN (f•:?y■^^ h^'f H) (^'y^Xr 
[0 00 7] {2)y~hmo. isixmmmm 

I S F E TT-mSg ^tiltf S C M O S - L S Ui . 

^n&mmzw^xL^\^\ms. (vth) ^ig<^s 

y 'J 3 n f-v ;tvl/SM I S F E n 

P^-V^^;WSMI SFETlipSirf?., 
far;l->-'-h(Dual Gate) «jtOSffl*^'a*b^>ilTV^ 
S, C:<;0%&. n^-^;f;l-aMI SFET<oy-MJi 
(is P (';y) ^i:'(7)nS^|i|W^H-r$ix/^nS^ 

=5:0. pf-^^;UffiMI SFET<?)y-hm®i. pS 

T-tmx'h^B (*->«) *<H-r§fiy2pS!^teS>^ 

y rr yWf^iLi^zmmA^mmimm^txfzm^btch . 

[0008] L*>u, ±ie ( 1 ) <n^^x LX.mi 
SFET(^y-hft*«0. 18/iniOTte=5r-5!tJi^. 

mm. ^hi.z{i^ixh<n^i.zmmw<')rmit^^^ 
fz 3 mmm<7)y~ vwem. ^<r>rx^9 v vcjfmhx 

±^<^j:lfzi^iz. y~hm.mcr)MXi)im^b^j:h}^ 

[0009] ±tH2) commj^blX. Pf-+ 
:t-/l«M I SFETcoy-hWSgfiO-gPSrlg^-tSpffl 
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■yhA>HSffi (Vfb) i^it^-i:lZbl,ZX'^X. I 
§VMIEE( vth) t:^^-^tXLtommf(^ix 
I.. 

[0010] fif, zix^^mm^^m-hfzibiz, 
[ 0 0 1 1 ] M I s F ET(7i%mt. ■&'&miti 

USt tdhi,z\,i , M I s F E TcnmmzYm LX y 

0.25j^m~0. 2A<mmSOM I SFETO*^ 

[ 0 0 1 2 ] t*^ t , y- Vmim<r>^W-^: 5mi. 0 1 

* y h ^ U tic i & ^iftiJEc7)1ST*m-ft-r 
I., t^, vI^OJ:a^»v^y-^iMta!!±fc:w•^Mo^ 

[00 13] y-vwm<7>mi^i. itu-csi-o 

^mm%^x'mw.immL. ^ommmz^m 

1^-ti,:Lti,zX':>xm$.^'^h:ihiMmX'hi>, tz 

m^m±izmm^titzy- vwrnnxhrnmA^m 
mnmzmt^tix o tzi^iz. y~ b^sncoffi 

m±^<^j:^XLto. 

( 0 0 1 4 ] y- mmmmmzi i^mmm 
Ti^mmmtLxii. mtiyo^iyxni^mmm 

mmm^izm-th ztx. ^(Timm^iz^ < t 

[0015] ziK^coms&^mM'itmm^mK 
h&tiib. :^m<omtmL^nit.:i^izii. m^mzwt 
mwmmxmmm^\ m'^izm^imtira 
-fe;?.*j^:XTj>i.. L*>L. m-imwm^'i'xmm 
mm-tit. y-hmss^±izim^tifcy-hw& 
nnxh^-mA^mmi^mt^ixxLtotiMz, y 

[0016] *^H^cr)@wt±. mmy- h^M-ht^ 

:J';py-h«ffiS-mL;tM I SFET<7)ffl!ffittfcJ:V 
[0017] *f6BJ«0ffiOSWii, K-fkx 'J 3 yj: 0 1> 

mm^tm\^^mim?:^tiy~ ht&mm±iz^ 9)v 

y-v%m&m^ucM\^¥'&T<nwm.iim^ 
mt. 0 $ ifii±$ ^i-i>t5w^*itt-ri. i t ICS) . 

[0018] wm<n'm'^m,i. ZK^kx'J nvjii* 



[0019] ^^Hflcoffiiogwii, zKibx i; 3 vm- 

m-muv>$cmm-^-M^hy- Ym^^(n'mm. 

-Hm:m<'fhz.t\,zhh. 

[0020] immmmsit>rf\,z^(mr)^it^):.mi 

t^miii. msmmmii.ifWA'^t-'tMhMz 

[002 1 ] 

^Bflo ^ % . Kmm: {.(ryrmm^^mzwm-hxi. 
[0022] im9i<r)^wmm^wni^-m 
»:iiw*^5niii*«c^y- vmm^xzy- vwkt^jih 
ii^m.mm^%'m\.zmc±-f . i^o^y ^mitt^ 
ti^'^xmi^u^ymmimm-tizbizx'o. frie 

[0023] ±iibt:mmco:^mm<^wmm^ 

( a ) zK^ki/ a ymmi}' 5 nii5i^«oa»f 

^titmcomimt ^^tsm^mmmi^(=^j:hy- 
sis. ( b ) itriey- bffiii)S±ic, m^ai^ v^y 

I. IS- ( c ) m/yiim^zitmiisMi^^mm 
Mmzm-it-t-r. i^u^ y^mit^^ x o ^ri>j-^t^^ 
^tu:z7H^tA(.mti:^ts7!f:^mmmzii\^x. mi 
^ ^!iy- himm^^tirzmiim i co^miznix 
mm^rmoztizx-ox. mti^^f\^y-hwm 
Tff)miy-\'mtm'p<7)xmmw.t&xm. 
[ 0 0 2 4 ] 2 . :^^BM(7)^mi^mmmm<mtf} 

y'Tyttiiii'y^^'XTyxhh. 

[ 0 0 2 5 ] 3 . ^^mffmiii:$m\s\^m<^)m.ii 

mi. mimi^mitfzi,i2i,zi5\,^x. muy-hmt 

( 0 0 2 6 ] 4 . :^9tBm^f^Mmm^mm.(rm^ij 

mimiltrMltfz^i2^zioi^X , wiMy-hmt 

mzm^ify u n ymnmmu. smmxhi, 
[0027] 5. aTcoxnf}^h^j:hmi^^mm 
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^>xm. ( b ) miiy-hmmm±.iz. m^i^v 

hxn.. ( c ) ^:H-/*«^ffiit*^"HuiE«SJL^^«^^ 

^ vmsiim^^ixtim^ i <^±m^zn lx 

[00281 6. ^mimmwmmvi^<mm 

Mi. mtnim5\,z^\^x. miinwA^mt. 

fTytfz\,i^y'/:^'fyX'hh. 

[0 0 2 9] 7. :m^m^Mwm.m^m.<r>mm 
mt. mmim5tti\,±6\,zii\.^x. friE*#t*s 

[00301 8. \^xr(^jLm^f>^j:h^wmm^ 
( a ) zMiti^ 0 3 ym.mi^¥ 5 n^mm^^ 

1 iO±B±c7)x U 3 y^BtcJ^fig-rSlS, ( b ) Mie 

/mmitmimm^mim^mzM^t^. x 

JgBJtS iltzmm 1 0±fflt« LTfsyiaaSrff^: a ^ fc 

iz^^x.mi^^iuy-h vmmT<omiy- h 
[003 11 9. :^%m^mmmm^cmmn 

[00321 10. *%BBO^«^laI88Sia<^8!J& 

•ti^mi. ^y^ji-xhh. 

[00331 1 1. :^m<D^mmmwi^m.<r)mt 

■th^mi-i. TiUi-'^M.x'^i, 
[0034] 12. :$:m^mmmMmmmcDm^ 
imt. friei»*«8{c*>v^T. msi^mmimi. a 
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BO3 m.(r)ijim^^:j^:^i!^ hmmmtiiti^mi^ 
x-h->x. «if^mciiv^-c^mfflfcS)StcoT& 

[0035] 13. ifwnm-mmmm^m.com. 

sTX'hi. 

[0036] 14. vxT<r>xm-(>t£h^mmm.m 

( a ) *^t*3Si: ^-^tsfmrn^^^i^zmi^mm 
jt'^mm^ifii^ 0 3 yco-eixck 0 his^kmiizh^m 1 

OSill^^Ji$r±S^fig^i:-ri.mic7)Jl$r, -^x^nco 

m 1 coiiB±<oj/ u 3 ymmiizmm-hxm, ( b ) * 

m 1 c^i^*^m§it7ti?ies 1 co±®tc^LTSfj!!!ia& 
m\'\ friBmioisai^^JS^-eoKttfcS^jfi-ri. 

fsis. ( c ) ffflfi ( b ) xncommimz. y~ 

[0037] 15. :^wM<r)^mmmimmm. 
imi. msmtmi 4i>zt5\,^x . mienicosM^^ 

I.. 

[0038] 16. :^^m(omimmmmm<Dmk 
i±. m^m\'^xmi:'^&-tizkizX'oxm^^ri 

[0039] 17. tilT<0lS*»A>^:S#g»*^|5IS& 
( a ) ;K^t*St ^^tf;<?x#H^4'tfc{tl.i?'fbM 

m. ( b ) *^/*3K*EJt**ifii2i' 3 ym^mm 

(Timmiz^mti zt^zx^x. mmy- himm^p 
<7)mimw.t^Tm. ( c ) liriB ( b ) xm<Dmtc 
^tmz. miiy-h^m±i.zy-hmm^M^-t?>x 

[0040] 18. *^BJO^«ft«ailI8&J|ffiOiJjt 

imii. mm^i iiza^^x. f^B (a) istc^ 
[004 1] 19. *wM(^^i¥mmmmmm 
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[0042] 20. :i^%m<^^{if.^nmmm.<r>m. 

[ 0 0 4 3 ] 2 1 . OT«Ig*''^.^rS^f*^|lIffi 

( a ) 7j<^i-i:7j<«t ^^tj:ffXWm,^^Zi5l,im\m 

mm^zy- hn,mmmhJM. ( b ) miy- h« 

ff^ 9 ; t J: -> T , fgiey- MliilTWgiiiev U n 

ymi<z , -^^bx 'J 3 ymm-if 5 mmmmt: 
[0044122. :^mco^wmmmmmm 

[0045123. iaTi7)lS*-/i>^:S^«^|IISS 

(a) mi5i:x/7i(.m^tsnm%^^zmm-{mjt 

^ 1 i7)|lSr . '?x>'^com 1 «0±ffi±cOi/ «; a ym^zB 

m-^xm. ( b ) wisem i «oii*qejs$ix^ifc®-c. 

i>zibim2cDW&j^-^m±m^j:^ii't.-ti'y- hmm 
t^j:i^^m2<r)mi. mimi<7>±m±^zmm-hx 

(.c) mum i mi5Xifmim2(Dm^'<iS'-- 
y^^tiztizxr>x. mmy-hmmimf&tii. 

(d) mzy- hmmm&^tLtcmTmim i 
<7)±mi,zntxm!m^'^\>^. miy-hmmT<Dm 
iimimmitimthzkizX'^x. y-hi&mm 
tz^mi-hxm. 

( 0 0 4 6 ] 2 4 . ^m<r)¥^ii!:mmmm(Dwm 
. mim^m 2 3 1 v >t , mum 2 ojsit^^ 
®ti. 't'jyfytf.ziiii^yi/XTyx'hh. 

[ 0 0 4 7 ] 2 5 . *^H^O^«!*«lHlS&Jiac7)S?jt 

ymit. msm^m3i,zi3\,^x. mimi<^mi^^ 

[0048] 26. aTmm^i^^i^mi^mmm 
mw.; 

(a) mi c7)±ffi(ii/ 1; 3 ymmi^th^mimmm 

( b ) miiyV^y»mzmf(>iit:m-ity)\^ 



i.wj:^^ti-iy- }-imm. ( c ) may- hmt 
m±^zmf(itifzy-hmm. 

[0049] 27. WT<OIS*^/o^|.^«5«RIl]8S 
{ a ) ZK-fkx 'J 3 y gimiiJi*« 5 nii*SS^Iiff 5:^ 

'?-ai:ific7)^j«t ^^tsm-^m^mt-(>^j:&y~ m 

6xm. ( b ) Miey- hi^^(i±{:^mttA'u rmi 
m^tixM. (c) H?rieA-ijTji±t, ^Mfexun 

xm. ( d ) itriBA-y Tlii iiA'HaiS^ jA-^j'- 
( e ) m/^m^Kitmtmmmm^m'smzwi 

ti/tfriBm 1 cr>iMizM txmstmm a 
'pcDxmmtixm, 

[ 0 0 5 0 ] 2 8 . :^wM<7)mmmmmscom. 
umi. fiiew««2 7t^fcuT. mmi<nmmm 

mi^i. ^y'/xryx'hh. 

[ 0 0 5 1 J 2 9 . :^wn<nmwmm^mm.<r)m& 
i^m,i. m%m-^m2it.tzt<i2B\,zi6\\x. mum% 

[ 0 0 5 2 ] 3 0 . ifmm^mwwm^m.(^w& 
urn^t. mimim2i. 2sttzi,t29{zii\\x. m 

[0053] 31. i:Xf<^XW)^t:,^j:h^imm^ 

( a ) ij 3 yw^ffi^miizxm.^i' 'J 3 i^^isji 
t^snmncrtrnM-i^thy-hmmimrnhx 

( b ) BirlBy- h*eai)l±tci«MjiC^JB&±M=3rfi£ 

tinmA^m^m.v.mzm.itt'f . x u 3 y ^K-fi:-ri> 

cnmiiy- \-wm^<^xmmmhxu. (c)m 
%i^^)imi''^f--yyLx:>i9)vy-vn^^m'& 
•thxn. 

[0054132. if^^ncn^mwmm^^m.cri'm. 
urni^i. mtis imi,zti\>^x, mMy-hmmmn. m 

[0055133. :^mco^^mi¥mmm^^mmm 

mim^'^x-^&wzmmmt ^■^ts:ffxmm^'p 
xmiy V 3 ymL<r)±m?:mMitti> ztizx^xm 
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« • 

< « 

[ 0 0 5 6 ] 3 4 . :¥m<^^Mkmmmm<7)m^ 
irmi. miss i^ic^ot. friE^'-h^jiti, m 

[00571 35. *f6Hjo^i*m«IllKIIS«0Sii 

^■ati, friE3 4«(Cfcl^T, lulE^'-b^liti. M 

[0058136. :^m<^mmmm^^mmM 
um^i. mas imz}i\,^x , miey-h^Ma, a 

[00591 37. *^BJcO^{**ffllsISSgai7)S?jt 

[00601 38. :^mco^^i^mmmmm.(D^ 
imii. fne3 i~3 7«cov^-fii*^^t*j(,^T, 

[00611 39. \:XT<^JMh^(:>^j:h^mWm.mk 

s, ( b ) HiiiB^'- vfrnm^izmj^^meomimti- 

xmimtixu. ( c ) iffle^ ^n-maj^v^miim 

[00621 40. ^wm^w$mm,^W7)^ 
if&i. Bui£3 9«tcfcv^-c, mmn'&j^'jrmm 

[00631 4 1. if.m^<Dmwm.mnm.<^m^ 

[00641 42. ^^m^wmm^^(nm^ 

(00651 43. imm(7)^wmmmm.<nm. 
:^^nmmz. ^ hizmmtf^Ty^-T^mat 

[00661 44. JaT<OIS*>/i,^:SiNI«^|IlK 



( a ) X iJ 3 ySfixOifflitCZSS^bx iJ 3 
SIS. ( b ) fffley- Mffi«iM±tiSil;i^^M$:±M 

t^mmmmm^%'m\,zwm'. 'y'j^>m\t 
^hXo^j:mk\,zm'&^tifzmh:mb i^tsijxn 

3yS«co±ffi2r»a-fS;itCct^-C, liirie^;?;^' 

iiirF<7)friey- hie^K+coxPis^MSt-sig. 
(c ) mLy~v^m?¥(nxmm:thJM.<mt 
tzmm. mii^'?)vmiJ^^-~y'/Lx?^^)vy- 

[00671 45. :^^n<rmiwm!m^m<nim. 

miMAmzii\^x. m^m^^mt. 
y'ryt.tz\,i^yyxTyxhh. 
.[00681 46. i?.wmmwmmm.<^m. 
■nrni. friB4 4*fc«4 53afcfcv^T. wm±m^^ 

A. mti'y$>)i^. mtTi\^^-'^Atfz<<i^sTX'h 

[00691 47. \:xT<r>xm^^*£hsmmmm 

( a ) y u 3 yms.<DiM±izm 1 mm^^mmm^ 
tiTn. ( b ) Huie^ 1 »m!^.^mmi.^zm2mt'^ 

m^mtmii^ 2 ^mm^:mmizm'it^. 

mtyi^mt itts/fxw-m^'^izii^^xmmim 
V \ mtsB 1 nmi^mi-i:comtmz^mti> ztiz 
ioT, mi'yv^ymi(r>mmiz-mit=y*j^ym 

IS, ( c ) mmntmxmmtfziimz, ma^ 9 

[00701 48. ifwm^mwmmmm.(nwA 

umi. miiAi^\,zii\.^x. ffifiei^si^^wti. 

frytfzi.i^y'/xryxhh, 

[007 1 1 49. ^%m<^mwmmm.<r)m. 

Umi. fiie4 7 4jtW4 83at:fcv^-c, Igismiftli 
y^ivxht. 

[00721 50. filTc0Ig*^/i,^rS#^«!*WllIK 
( a ) X y 3 y^<r)m±iz^m)^^mm&Lt: 

a. m/yi<m^mt*mi-mmmmmt:mnmzm 

xwmA>\iZi5\yxm!)sm:'{i^j:\^. mmutwi:^ 
WMMmwk t mm^zzjmt=y u 3 ywrnmrnti ^^^^ 
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[ 0 0 7 3 ] 5 1 . ^m<r>^mii^fmm^mnm^ 

[00741 52. ^m(o^mm@^m.(r>m^ 
irmi, fifes 1-5 iJa<?)v^-fn*>-3afcfci^T, m 

xhh. 

[ 0 0 7 5 ] 5 3 . *l|BH<0^*«aiHl8l^aiOi?ji 

Btiies i~5 23Sc7)v^-ffi*>-Jit:fev^T, fr 

[0076154. im^<n^mwm!m^w^^ 
%if-vmm.<ri-m\\j;y')^ym.wmt. i. 5nm 
[00771 55. wm(n^mmm,^m(n'm. 

[00783 56. :^wncomi^immms^m^ 

HliiES l-5 5)acoi,^-fii*>-JS{cfeV^T, fr 
ti^i^fl'ir'-hmm<^y-hmi. O. 18;umOTT 

[00791 57. ^^mcomi^mm^mmco^ 

fiiB3 l~5 63lc?)l,^-m*^«twt5V^T. fi 

I.. 

[00801 

izm^\>^xmmizmmti. mmmmmm-t 
itcibcr>±mi>zi5\,^x . ^-(7)m&i^t^^mzi,im 

fz. aTcr)mm<r>mmx'i>i. mz'jm^j:t^mHm- 

[ 0 0 8 1 1 § t^>(,z^ aTcommcomm-vii. msi.^ 

m.f.zm\LxmmthtK •^m^^itz^-^mt . -e 

tfz<,i^^mmm. mm. nmm:i£<n'm^zh 
I. tfz. &.Tcommmm^zi3\,^x. mm<7)W(m m 

it. itil. m^j:b'i:1sti) iz^Rtim^. mz 
Bmifzk^ii^r/Mmmzm(>i}^izm^cr)mm^^ 
ti^btm^, ^m&(7)mm^^ti^i.<oxii^j: 
<. ^^<^mLtxmTxhx^\ vxfcom 
mmmizt3\.yx, ^<7)mmmm mmxT-yrmit 
tf) a. mzm^Lt:^i5j:v^^mzm(>Mziiim 



[0082] mmiz. aTcr>mmmmizi5\,\x. m& 

fmbtzm-^mmMmzmi^ijHz^ o •c^rv>fc#x 

hixh%^m%. m'm^z^mmciLi^z&xtfz^i 

iScfflfcJ:tX«Hfcov^Tt|n|tt-CS)*. 

[ 0 0 8 3 3 s ^c, i^^mx^m^wmmmm. {hh\^ 

i'BB^$iX;^:Ji^Sr^# . SOI (Silicon On Insulate 

t)m.. TFTWLm}i<m<mwi±iz^hixh^<r)h 

[00841 mmmm i ) ^mmmimt . n^^^ 

mmm'^-thcuos-ui;-yif]^sinimi,zmm 
Lfzi^<r>xhh, 

[00851 t-r. ElUcSti^t. JtJS6i*^10Q 

c^m.<r)mm^'y u 3 ym. (wt, m^h i v m^x 
Att^o) ii85 0'cm^x'm^Lx^cr)±mi,zm 
mi0ttm&<m^^i\:=y>j^ym2m^L, m^'^x 

i?-ftx'Jay^2cD±g|5tCVD (Chemical Vapor Depo 
sition) mxjm 1 2 OnmgSOg^kv 'J 3 >-M3 S-it 

[0086] ±imt X y 3 y K 2 (i . f^tOlSTSSi^ 

^mi<r>\Hmzmif>&tti?>mti^ v 3 ynsrift^iiiat 

l.t^tc^^lttoSXM^xSr^fnLfcO. -i^y 

&xizximmi0mcr)ir;<-i^^mmbt:*)tim 
xm^ti>. ttz. m^ti^vaymsii. ^otse (« 

co»«l«ffl<73K^bSr|Sfeihtl.«M(ifcJ;y« 

[00871 mz, 02{c^-rj: MflixU 3V|i 
«R 1 3 5 0nii®igO«i^^i||«4 m^Lfzik. 
=yMim:tlfzih^zm. 1 1 0 0 O'CXWrn 

[ 0 0 8 8 1 11 3 izT^-rx 0 iz. ±iim'Hi-fm 
4 <r>f^mzmiti^ 3 yis 6 $:a^6a^/if^. ^comm 

^■f»«l±lCCVDffiT')Sil6 0 0nin 

m^m^t>-'j^ymeiimLtzm. miti^^jaym 
6<r)mi:Si.mi-ifzmzmi^ 1 $ri«} 1 0 0 o'CT-^wa 
mth. mz, g^t;i^i;3>-ii3Srxh-yAHcffl(,^/db 

^MSBfS (Chemical Mechanical Polishing; CMP) 
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[ 0 0 8 9 ) , afi^ 1 ov£ttiiis± tzm^ti^ 

U 3 y M 3 2:^^ 'J ^iSSrffli. ^^"0 x v h x .y ^y^^m 

icp (oy) i:^^y^txnm^Ji)\^8^m^t 

[00 90] <J:t. pa'>x;t'7i3j;?/nS'>x;L'8cO 
th) ^liS-tl./i*^<7)^l$!tl) (BilfcliP) ^-f^tya 

'>x;l.8^0-?-fimcO«ffiOg!'fl:>''; 3>')K2S-H F 
J^<?3a^l (pS'>x;P7fcJ:r/na'>x;P8) co^ffi 
[009 1 ]»:t. ±iBpM'!7X/l^7fcJ;t/na'>x/U 

[0092] -®{;. M I Sx^<^ XcOSa^b. ffitttg 
'^^mmhtz^^Z\,i. MI SFETSrm.m-tl.tC'^ 

tit vmmmw^-thmifih . mmy- 

V^ffOi. 2 5xim-0. 2ximgJKc7)Dy>y^7-V\'-< 
XfflM I SFET£7)ja-^{J, Hif 5nii*JScOir'-b«^ 
mtmi^^ilh . ^ , M I S T^N'^ ;^f7)«^tc t J; I, 
^'-b;g*^'0. 18;tim-0. 14>umSJK<^*^ 
(i4nm*ji. $/i>{3y-h:R3t)^0. 13Atm— 0. 1 

[0093] jgftic7)j: 3 u 3 ya«co«s 

^ iSSTm LT h »)i ( f- h S-ftlS ) -k m 

<bMSr?0)t1-|. -^X -y hi^-fk ( AM O y iJl -y i7i!^b) 

[00941 -ttah^. mm-mm'^ ^^^(nwc 
s*n 8-4 Wo'mjmmsmnx'\.mm^%tt 

ffiCCS i -H^^J^S i -OHie-^^:t'«0«BS^:|5(S3&«i 

t^v^, LT . ^(rm&'F.m^iit^ ^y h U T^A^t 

>i<rm&.xYvxmmz^ o^BrSit-cm^h^-yT- 

[ 0 0 9 5 ] S7t, iSi.^lSK-(bMS:fe;-'5:M/iT'flStt 
#tib^TIScojg«aJS5:Tlf. .J: O^^'STK^bfefrt- 



[ 0 0 9 6 ] § lot: ?f^^::>-'- Ym^mmL^hfa 

|g$rS)4>*>ta^)'>x.y vmx^^-fh-mt^hhi^. 
c:c?)'>x-y h^?f>$-1toT*»^>«« OxM) ^Bg^tt 

htX(m^Z\.i. -ew^iS{CliV>g«b)l (native ox 

%m.\W'^hiim\.zWm^(ri^):. 

\z. mjn'm-ni^<r>^\,i, -m-mmr^himk^ 
«!^$-it2.coT, w^(r^mif^\zm^fih^im 

[0097] iOJ: ^ {c, ^IScoy-hK««, 

<mmuzi.')X^^^ivhmm<nmz'^m.\mt 
wmmt^i&A,imm,zt£'>x\^h». c:tiA>coi 

^x^s^%xhh, ^-iX. %m<r)'f-Ymim% 

^zX'^xm\'mmim)S.Lfzm^izii^ znhi&m 

[0098] mmmmT^izx-^xmrnrnmit 

M'imcommtp^ti^'tio . im^ o. smx-h-^'tzt 
•tit.^mmmmwii. 9-(o. 7+0. 

8) = 7. 5mt^j:^cr)X\ ZCOWt-ilMfpiZ^i^l:!^^ 

mmmm\^xmifiAr«>imim.m^Lt:m^. 

0. Smt^(:>ti:\-^cr>X\ ^^<m\mc^mM-^i. 4 
- (0. 7 + 0. 8) =2. 5niiii:^i3, ^<m-^{ib 
2 . 5 %tffiT tr L t a . -f =5ri5*., m^ffi^liii 

[0099] ^zx-ifmummx'f^i. i:Xft,zmm-fh:H 
mzX'^x^mtcmm'f-mmmmmh. fctz 
L. y-vwmmmt. z<r>-}im<.zm^^tih{,<n 

[ 0 1 0 0 ] 06 y- v^mmmmzmmtm 
f^cnmm. 1 0 0 iiTfcrmmxh 5 , mrs<nii 0 

^xm. ( •:7XA) 1 co^ffi^kisr'^x y hmm 
^x'm^-t?>m,wms.i 0 umix^^^. cioio^ 
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^mm. 1 0 1 f>^Tm^>miztt^titz^xj\ i iiz%i,z 

^m^^hzt^j:<. t^-^mmm-immm i o o ^vsg 

[0101] 0 i«oo-^^i 02ico-k$ 

NH4 0H+H2 02 +H2 o^j:t'<n'mmzx:^'m 

^izii^tifzm. yy^mmi 0 4«j*§ti, « 
7-yK(HF+H2 o) izx&m^m^iixmm 

s^MS 1 0 sizmm^iix^fk^mizH^ti^ mm<r>7i<. 
[0102] mtmmh^ti^xjs 1 a, a^^js 

llgai0 0(On'.y7rlO6«iM$ilS, icOlt^ 

jssi 0 ot±, mimmm^i 07. sa-fLiajg 
^10 8. f?W!va^i09. Q—f/ryci-yi 1 

0, ;<^';PM»E^l ll^fc'Sr<i;i7tv;Uf-f-^W< 

ij^x-m^^ixxa*). ms.'p^tm^i i2ii.^ 

s ^'c^coaAtc i T -^x/N 1 ffimmiz mm-it 
mmm^tiicommm-f^fzifyiz. ^mtczm- 
w&JS7.mmzmdxh. tt:. mmm 1 2<r)m 
li. -^/xys 1 cr)mmi,z?i(.m^ttmth<7)imfim\-t6 
fcMz. ppb u<ju<ommm'mizmctih. m. 

mm 1 0 Olzmx^tif::^:cj\ 1 D-lf-y hAy H i 

1 3 2-^ LT ^ -rS-fbSje*^ 1 0 7 1 tfeftl) ^ 

[0 103] 07 (a) ti, K^bliJgBScS10 7«m 
W^rfllJSO-^SrSrfjRWB®, 07 (b) 07 

(a) iOB-B' mziQ-ofzmmmx'hh. 
[0104] zmitm^mi out. ^mmm 
x-m^^tif^i-c 1 2 0 i:mixi5 o . -j-f^iasfc 

J:tATgi5tct±'>xyN 1 iimthyvr 1 3 0**151$ 
Hxuh. f-\'y>'<i 2 0<7)i*]g8tcti, c:c07yri3 
0*>^>tt*&Six§ia5r'>XA 1 co-mi.zimi.z^^^'^ 

XVM 2r7K¥tCffi^^-rS-^f-br^ 1 2 3A^t^M$^^TV^ 
%fi'Jyi/l 2 2(i. 5^&l>lHiS i C 

2 Oc7)^®*^f>Ml/l.3d$T-A 1 2 4 1 i ot3^Jt$ 
ftTV>|,. fe^fiUy^''! 2 2tf03fi^tl±, ff-trr^ 1 2 
Btftjf^iXit'^xyMioajK^il^-ri.filJ^l 2 5 
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[ 0 1 0 5 ] ^A- WN' 1 2 OcOSffliO-SKtcti. 

o;<?x2iAt 1 2 eco-m^mm^tix^^i , ^c7);^'x 

mzmmtix\>^h. >!f:^mx*gi2 6(7)&mizii. ^ 
mmmii 1 2 7 ^^lA^tisM 1 2 8*>mtt'^^itfc 

-^A-y^'i 2 0rtt^A$n/c;<?;<.ti. zcoMMi 
2 8<0Sii?L 1 2 7 Jffig LT ^A' 1 2 0 rtfcl^ 
i,z^t}!&6, ^A-yA'i 2 0<?)S®ofS<?D-gptcti. ^ 
A-VA'i 2 omzmx^tit:±tM':^miiitlt:i:bco 
mm 1 2 9<7)-iSAiigig$ixT . 

[0106] 0814. ifiK^klJI^BE^l 0 7<7)f-ry 
J<1 2 0{Z^mtlfz»m):^com+m^M-^:ff^± 
1 4 0 ^7f:-mmX'h h . C: 0;*':^4^a 1 
4 0{4, WSWAtt-g-ife mt^mSi^ rA;^xn-f (H 
astelloy) j t LT»f>iX?. N i -^^^rf) XM^^iX 
/CRJE2514 l^rfiixTiJO- ^Ol^gPtctiPt (T^ 
^■^) . Ni {--y-rtV) S>l.v-i{4Pd (A-^i^'-^A) 
tcmfm^tf'^^j:toA)V\A 2t5XX/Z(7)a>(fl' 

(.tfzmmmW.) 14 2S:Jllfitl.t-^'14 3*J 

[0107] ±ieRjes 1 4 1 i,zii. piimmx/jmi}' 

44a. 144b. 1 44 c^^^^E-gl 4 5 SrffltXzi 
A^n-S. ffi'il4 5<7)3^*{=t4. ;<f;^<0ft2:lliSii-tl. 

VX7D-3yho-7 1 4 6 a, 146b. 146c 
t . ;!yX(0crj&2:^W-tl.^HA';l^7' 14 7a. 147 
b . 1 4 7 c fc *siga§<x, RJSS 1 4 1 rtJcSIA^it 
^ *'XiOftj3 itXjig^J-iWiCiix^tc J: -J t 
ill., 

[0108] RJES 1 4 1 rt(c^A$iX/crn-feX;<?;^ 
(*«fcJ:tXiai) a. 3 5 0~4 5 OX:SS{CjPf?!l§ 
iXJtn^f ;u ( ^/i(i:fflM«[6]«) 1 4 2li«fflLTlie 
*3g^^^*-^li7k^5v;<?;u**±BKL (Hj ^2 
H* ) . S«:}H^*»<i>{4iS«9i/;&;U**4Sc-f«. (Oj 
^20* ) . ::tL<i>2«c07i^'*/Ki-(b!^6<J{Cffiy)Tvg 
ttT'S)l./iJ6{C. a^*HcRJELT7K:a-J^)S-r.S. ( 2 
H* +0* -»H2 O) , i<0*:JJ-t4. g^^gp I 4 8 I^IT' 
i!St?I^§ixT«Slc#t?§ix. f«£;<f;«.3»;A^l 
2 6 -:. T S'ftJ^^ 1 0 7 <0^^ W s' 1 2 0 
ASixl.. 

[0109] m.<r>i. otimk-nii.<r>ifi.'h+^^m^ii 

14 014. *^c0^^tBg-^-r-l>7j<Si:l!^ 

<r)m&-mmmzimx:%h<r>x\ ^t^mzmmm^ 

S 1 0 l<r>^-^ yA' 1 2 0 Jc^ASitl.TktM'iiSS-ppt 

1 4 1 lcrn-bX#X$:«Atl. i:lgBtC*:5J-*i^t 
SWT'. BfMt-S*^illS3&«UT;P;5'>fi.T#<;>tLS. 
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7 <)V9t£)£\,zn'ixx^<rin%\izru^xtixiw\. 
[0110] ±iOTgB 1 0 0 ^ffioT^'- vmrnm. 

i1&m-Uz\,i^ ^1'"K«JgjSSl0 7Of-+>-A'l 

r ) S-#At^:*5'?>'>x>'N 1 i^^r^ 1 2 3c7)±to 
-h'-r&. ^<r>\k. f-vy^N'l 2O2rH0iL. 

d , •'f-feT:? 1 2 3«, -^x^n 1 ^^M^^HcJH* 
%fthi.o. J>fe3!)»ti67y7°l 3 0-C«LTfc<, 
n^x^N 1 coMfimi. 8 0 0-9 0 O'CCOKHI^. 
4L<l±8 5 0''CSSfc-tl.. '>xyM<7)a«*i8 0 0 
•COTtliy- h^^co^!,«*JiKT t , 9 0 C-CtLh 
T'ti'^xyN 1 co«H*»^a< ^1.. 

c 0 1 1 1 ] *^+s«s^;*r^4j^ai 4 o 

<7)StESSl 4 1 ti?fgi:7l<^i: ^ziAt, 4^L/^*^J- 
SrKRtfttcf-v 1 2 0 ti^ALt "fxyM co^ffl 
imt^\tth Zh^zX-iX. '>x/\ 1 co^Bd tK^t 

9) . 

[ 0 1 1 2 ] fi^^S 1 0 0 <7)R^|| 1 4 HCitf^t* 
«fcS:3fEA-tl.ll^«. *«S-i^ct05fctSIAt^V^J: 

dtctl.. **S-g!«J:t)5tC^A-ri.t, *KlEcO^ 

m-mi^)^^ y A' 1 2 0 tc»iA-t s >t *^m-c'* s o 

flii:^. i?«$-*3)IJ:'95fet:«A-ri.i:. Cf^Km^Jf-A- 

y^N' 1 2 0 tgtA L, -^XVN 1 C7)^ffilCiKn1.® 

XWmX*)i>m'l.zM\.^:^^ SV/ (~5»mrt) ti* 

A-r^. zcr>xoi,ztib. ^x.y\ia)mmi.zymmi,z 
m&^tL^wmmcommimmizmi-ti ztti< 

X'^l, 

[ 0 1 1 3 ] H 1 oti. mimmmmzm-h^m 
&cr)mmir^tyyyTh'o . mmimmm. mm 
limitjmi^^ix^^^h. m^^c^^oiz. m-im&m 
mi. ^mmo ( i^y^m^t) <^tg=fcftta<, 
mmmm<^j:uz-?tixm<^j:^. m-^x. mm*^ 

-^mmxmm-htzi!b\,z\,i.. **aiss:is< Lxmit 

m%x'hh, 

[0114] IMbMJe^l 0 7<Of-+yAl 2 0tC# 



0 ) x-m^ t # i 0 i^rnif^wmmnhiihWi 
mymtL. nmmm^imLtzm^<nmx' 
hhAo%n.mx'<r>^mntth. m^z. m^ifism 
^jicoffiiy- vnmm Aii^-ts:mM.x'MW3iX 

0. 5%-^5%cr>mntit-th<r)mtL^^, 
( 0 1 1 5 3 ^^-c. m+mnm^axo) ttk^s 
f-A-yA'i 2 0fc?*A1-5*t»-+»?^^;y 

Wi-H'm U3^-tJ:3lc. f-vWN'l 2 0tS 
A-r.?.K«eOoll*iFo , *^£Oga*iF« t'^iSi; 

C:«07j<*+l8#S-&;yxiO*ii-a«Cti. C= {F 
«/ (F, +Fo ) ) XI 00 (%) -CJ)!.. ^fc. 

2 Oli^A-tl.*^+K*2g-&;*'^ti:. ^ET' 

[0116] --^^ ^mthm+ym&i-^:^':^<r> r^k 

ii-ffigj t\,i. m^:mm.-^:f}Mz-^tixhmm 

<r)y¥.^^\,i. (P« /P„ ) xioo 

^-ixma^mmoy^Ki 9 9 . tk^^-ctj^e^ 1 1 it: 

k^. Z(Dm+:^miR^^XCr)Ai^mS.ii. [(1/ 
99)X100]^1. 0 l%t*J)5, 
[0117] ^USSJg^Tli:, -^x^M cojDf^iSJgSr 8 
5 0'C, 7j<^i-+BgSS-&^'^O7K^i-«g*0. 8%tciS 
Stt'^'xyMcoifflSri^'fktl.ClttcJ;'). Pffi-^x 
/I/ 7 fc it/ n S'^x/P 8 <0-?-ix-f ixco^ffltcy- 

K9AS:m-ti.. y~hmtm9Amm^±. }x<^t. 
mx'^(r>±.mzmm-hy- vnm>y- vmo . 2 

5;um~0. 2/tmcO%&{i5nii5|^)1|. 0. 18//m~ 

0. 1 4/iinc03l-^ti4nD*?l, 0. 1 3/^m— 0. 1 

[0 118] ffi^t;v-U3yA>^>>S:S^'-hiffi^ 

K9 ASriJs^iOj; ^^^ratCj;oTi?g-(bi^U ^XOxyni 
tride))g{C^}^tTt J:V^. -f^sh^. ±IBy-NiffiiS 

«9 A^^f^msn^^-^xyN 1 ^fiieiie 

1 0 oc7)i!M«j^Egi 0 8«jML, NO mm 

mA'X'^'mi'^ozt^zii'^x. w^i^'j^ym.^ 
^zm.mmvi^'^h. 

[01193 ±M<mm.immii.-^imjM.x'i,ifj:\,-^ 
if. y-htmm9A(r)mmifi5mmiz^ibiyv:i 
y«« t cr>mmw>^mzmm t x mmcomiz± 1 1 

Scot. ±iS«osa^fc«S2:1t3fcffi^y'-h^M9 
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[ 0 1 2 0 ] <j:{^. y- mtm9Aifim^$tu-z^:'i 
A 1 ^mmm. 1000^ ^mm^ 1 1 1 

HI 2lcS^-rJ:plc, y-h^{i9Ac7)±*pjcy 
tS, WlKl 1 A^X>'^••y^Uy^/a^7t^iCVDffit' 
Aizrthiy~h^m-\bLx. uommmtiz 

[0121] i^^bx'J a> ( ttzifm^iti^Vay) 
^.=5r5±iay-h«^IR9AOli*t{i, -eo^Kmc 

±t Lt s i -oig^o:^:a(csB-r?>Mii*^m-r 
s. y-\~m^m9Aff)±mz^^^Bi^^jaym 

tfz^-^^i. ^mzwmi 1 A^oK+tc^tu^xb 

uxt^^cr,^(7)'y-hmm^9 Aiziahhrziibiz^ S 

^mm&m'f- vmm 9 A+^^xlffi*»m■fl. , 

;^AVy:?Uy^SJcJ:-5ty-hi^lS9A<7) 

±a5tcwMi lAomuz^ii, y-hmtm9A 
ymm 1 ALty- hffisii9 AconJi^aMo 

^-tir/cO-rS, mi}. WJKl lA$-CVDffiT'tt«L>t 
ffi^M9A<7)^®?!)ix./^y^'?il. III^CO;^**^?;?^ 

i-mmx*)m<-^j:^xLto . ^^x. \^-rtim 

mx'wmi lA^mf&tim-kX't. ^comrcoy-}- 
mtm9 Aizxmi^m.'t^ ^timi>'rhix^j:\.\ 

mmi}'5n,^mcrymy~hmim9Aii. ±ti<D 
X 0 tiiXm-hm^^zh-fMz-^mLifztmx'hmmE. 

■^TDDB (Time-dependent dielectric breakdown ;M 

[ 0 1 2 2 ] »:tcS?-(k14#H^Ef t">XA 1 ^ 

i(y!!^L. y-h^K9At^:tt/c±iBOT(S^r« 
■fl.. 1-^ri?*>. WMl 1 A^at-C-?-<7)irFe9y-N 

*SM^M9A(c^?g^«J^L, y-hffi^JK9A^raBSc1- 
^Kib V y a y|ic#?£tl. S i - 0^'^<r)Xm?Si{.z 

m^mxLxKmFSimm-fh. 

[0 123] y-vvmim9A(r>mm.^'M. 

n(rmmMm%. muf\'^^mm-m%^x''^o 

y-vimm AiW':>x\.^h^mi xAhmm^z 
mit^ixxLto (nx-y- h mmmsnfi±% < =5: o x 
Lto. m^x. y-hmtm9 Acnxmwm. y- 
hmmmx'S}ivfim«mzm^t-tizt^j:Uzs i 



[ 0 1 24 ] 01 3{i. *^+7K«ii-&;{fxSr«r./sSs 
{Ljl7cRfEc7)W^Eit ( Ph2o/Ph2 ) i^^aSiSl? 
myjit^'yyX'h 0 , H+Ofill ( a ) - ( e ) ti, 

-ea-eixw. Mo (^uT'fy) . Ta {^y^>u) . 

Si,Ti (^^J'y) c7)¥ffill§^EJtS:^^LtV^|,. 
[0125] 0^(7) J: p *^/**^EJtSrft)^ 

( a ) t ftn ( d ) t izmixfzmmmmzm.-t 

llbizX*). WS-iS-fb-tS vl t =5: L(c S i c7);^5-Sil? 

mzmt-t^ z b *JT'§ 1. , i-^j:h% . m/m^E 
itmm ( a ) t ftn ( d ) bizmttitzmmi^zh&yii 

^+yHmM-k:tfxmm%'^X'^XJ\l i:m!tmtl Z b 

vimi 1 Aiw^-thzb^j:<y~}^mm9 
A m^tvx^(Dxmimuti z b t^x-t i , 
[0126] miz. m/m-^mtmrnn 

( b ) fcftn ( d ) t izmixfzmm<Dmmzis.^-t 

mmzmit-t?>zb-¥X'^i. ■t^j:hh. y-hmmi 
mzm.z^tit:m+:mu^:^xmm^'i>T^3:^^ i 

- h^li 9 Acoxmrnuifio Z b & . 

[0127] y-mm9A<7)xmmii. wisi i 

A^JgfiStL^c'^xyM 2:HiiiMll^Bl 0 0O;<^;Hl 

m^i 1 li-'^t^a^i ogtcffijittff^., ^ 
1 0 9 of-^ y> m . y- h imm 9 a mmzm 
V ^fzmfmi\:jm^m. i o ? ^of-v wn* i o 1 1 pi t« 

mi,zx'htfziib. ^com^^ii^'s^-r?), 

[0 1 28] m 4li, iMi^mimi O 9JC«i?$ 
ititMji*^cO*^i-+*3^^;yx4li^a 2 4 0 fc* 

m:^x^mm 2 5 o t ^^^-niBsiaTj) 1. , 

[0129] *^+*«iM-&;*'X4B^a2 4 Ot±. ^ 

- hmtmAmmzm\'^fzmi^^+mmm'^:ffx 
±^mi4 0bmutfzmmi,z^^'>x\^h. ■t^j:h 

*>. 7K^+*«ii-&;yx±^^g2 4 0{i, 
■^±X'm^^ilfzK&^2 4 1 a^ffl;cTfcO, ^<^P^ 
mziifim±Ki)>k^i,^-(H2 4 2)5XV^ZC0n-{)l' 
24 2S:jDl^-ri.t-^'24 3;i^iga§i^tV^|,. 
[0130] ±ieRJ5^2 4 1 atcti. ★Sfcjrl/m 
*^f>=5rsrn-bx;<f;^t, mmh&^'>l>i.Ar^j:b'ff)T>^ 
mxf}^(>tj:i;'<-i;:ffx b i^^ix^'ti^x^f^ 2 4 
4a. 244b, 24 4 c*>^>El=24 55rjitT?IA 
$iX.i.. A'XSfWm244a. 244b, 244c tlE 
'g24 5ti7)Sfc«, ;<f;^»^IWfi5-ri)VX7o-n>' 
hn-72 4 6a, 246b, 246ci;, ;yx«7)?TiS& 
$■^PB■tl.raEB>'^';^7■2 4 7a. 247b, 247ct 
SJC^2 4 1 artt=#AS^ll.;<fX«0*fc 

xr/mitt^ztLioizji -^xnmzm^ix^ . 

[0131] raSS2 4 1 a|*ItC2iA$n7t7*n-fe;?.;y 
(7j<SfcJ;UfKS) a, 3 5 0-4 5 O'CTOcJnfi 
$it!t3^;l,2 4 2t:««!Ltlie$ix, 
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«7|<S7x;<?;l^4j$L (H2 -*2H* ) , m^^^f}^ 

hl,mmyiy:^)l^fi^^m-^ (O2 ^2 0* ) . Zti(:> 

^*HIRJ£LT ^tl. (2H* +0* 
2 O) . ^ZT. ^^^tl=f:ii'it 

2 : 1 ) J; 0 ^m]coyiim^■t^t^A^m/mmS:■^^'^ 

2rSfES52 4 1 amzmXtlZtizX-^X. tK^+^Jc 
[0132] ±iE<0 J: d ^)i!l!iS5*iei7);yx^jSgS 2 4 

o^t.im Lfzm^mm.-^:^x^mm. 1 4 o t pi 

^ yf^zmx'^ti^m+^m.-^ifxx^<r>i^'9tWinL^ 

ppb ^-yc^mmm&^-(^m o%n^<n-mm&tx' 
mm. ti-'ymmzmm-ti>zti?x'^h. ttz.K 

:^ ^mm^ 2 0 9 t^A-r hZ}:.ifX:%h, 

[ 0 1 3 3 ] y- Yimm9 k(r>xmmrm tctis 
t.-fmi^m2Q9<n^^v)^n\zf^-'yij7. (g^^ 

WN'^WML. ?l§i!^^N-x;ifxS-SIALT^A'WN' 

Sil^;«''XS:^A-tl>, c:<?)i:#0'^xyMcoj[iftjaS 
ifiU<{i7 0 0X;~8 0 0X:<OigHl^, iO** 
L<«7 5 0"'CSiKi;-t^, ^y-.:, *^+7i<Sg?I-^;<?>!. 
<0;ic^jSISt±. ffSt<liO. 5%~3 0%c7)|EHrt, 
i L<{41 %~2 0%<7)KHrtttl.. 
[01341 Jiie05fefrTmii$:ff -5 ; t tJ: 0 , * 

:a•+*mig^;^^■x4'£7)*^^ci*t-|.e^t;a (oh«) 

imKll ASriitty-h^HQAWlAL, Si 

- oi^^(nmm^dFsmiz^^im txxm^m 

[0135] =5rfc, WMi 1 Ati-ecTj^KBflc^+tcx 
M/X*>'#a^ix|>c7)-C, WMl 1 A^yN'^-:!^^^^ 

^QAO^ yhdfA-UTWtt^^T^-tirl.. 
ll9Aco^Pll«mcO/c46W±iBMIS:fi=di:, Wj^l 

1 Afi'i,zmm^tLf::xy-uxtfimmtLi<Dx\ y-h 

VMcr>mf&mz^mmmm'y-hmmm9 Acot^ -y 
u 7m^i)^&T-r^T^M,'^mmi'zm\n z t 

[ 0 1 3 6 ] jje Ltzy-vmm9 Affixmmm 




4))00-349285 (P2 0 0 0-p^ 

ti, mim 1 4 t^-rstmf 2 1 1 ^iittSfttl^ix, 

?^a]^2 5 6-r-5 0 o°cOTic?^a$ii!^^M, 7i<^7yx 

K5^S2 5 0CO^JSS2 4 1 h\.zmX^iXh. Z<r)t 

%.mt2 5i^mtx ^xfSr^m 24 4a ij-^mfm 

2 1 lrtti??S;ir^*5«^Sn, *^+7j<«;^-&;yxt 
mzm^ 2 4 1b C^A^tll. . iix^^m2 a a a. 
tiSf 2 5 1 fccOStti. B^:>y;^«0«^|IISp-r4vX 
ya~3yhv-y2A 6 d J:iS^;*'XcoaEKJ^ffl-f 
I.Pj^Wa';P7"2 4 7 d ttmS-^tl, Ri£ll2 4 2 bC 

^ASii-s i?«7y^c7)4*s;ix<^> t J; X nmzmm^ 

tlh. Sfm'f 2 1 Km'^Ui. ZeoW^^Xiji 

»mM2 0 9mzm.m-h<7)m±thm±^2 5 2 

i^mi'Ti^ixX^^h, 

[0137] 7iim:ff xmmm2 5 0<ORjm2 A 1 b 

t±, m^^x^^mm 2 a 00^135^12 4 1 a ^ mm, 
mma^^-^^x-m^^ii. i(0[Hmz^mi^±mi)-h 

^S3^;l/2 4 2 1 C:<?)3'f ;l-2 4 2 m^ft-rS t-^' 
24 3fc*^'mg$ixTOI., CiORJEEfs2 4 1 brttac 
ASti7t:7K^+*S?I-&;*'xti?3R^'xti. 3 5 0~4 
5 O'CSJgCjPSft^ixyin'f ;P2 4 2tcSML.Ti)S§ 

[0138] ^ZX\ m!mm2 O 9*>ii>Sfai$ix^:7K 

^+yiim&-^:ffx^^m2A 1 hmzmx-riWM. 

it) iOi?fSSrPlii*tc#AL. 7i<^;5rx&^^tK^bLt 

mXI,z^-oXKlB^2A 1 brttc^ALTfcUTtJ: 
< . *^VHSadW2 5 1 j;l^m«2 1 1 SratTK 
^CS24 1brt^:«^l#SELi8S{tTi,i:v^. RfES24 1 
brtf^L^cTk^i-ti, j»|coi?S7y^tfttcmf 2 
5 3$:jitT{'hgPtSftiJ$ixl>, ^coSf^'i=2 5 

7K«;<?x*i^:i&tC7KlcSJ^Six/i*^SA^$-iii2 
•fS!tJ6<7)7K^;!y:^-by9-2 54i:, PSHSn/iSfflc?) 
TKii- (tKM^) ?:?S'fk-ri.-t«)<7)}^aJS2 5 StiSfgtt 

[0 1 3 9] 01 siiZTfrrxoiz, wmi i ao 

±gEt C V omx-mff- 5 0 nnr- 1 0 0 nm&comit>- V 
3yMl3$rtt«U, y t hU'Jxhmi AiTXi'iz 
Ltz H 5 X V f-y /T'Mt^- U 3 ym 3 1 WMI 1 
At$:yN-^_-y^-f l,C:i;{cj:oTy-h«ffil 1 Sr 
m^-fh, y-hm^l l«7)y-h:i(i, 0. 2 5/xm 
~0. l/imc7)IEfflh-ri,. WCfflBK$^l.fcy-h«ffi 
1 1«. 'e<^i^-hfiSiA«2Q/njaT{='5r-l.«OT. M 

fc. wm iA<7)±mzmiti^o:iymi smmtt: 

WJSl 1 ASr>'N-^--y/LTy'-h«ffil 1?:?^ 
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[ 0 1 4 0 ] <x{c. hmmi 1 comxi,zm^-^fzy =r 

h 1 1 <7)T^i:m ^fzmmc^y- h mm 9 a 
m\^ti6 tmiz. y-hvmi 1 <7)mmr^c^y- 
h mtm 9A{,mi5mzji-v^yy^tixTy-^~:h'v 
hif^th fz»>\,z y~ hwm 9 Ammmf^h . 

HM^.(cJ;I.B*f#^¥l 0-1 389 3 9^. 0*^t 
^¥10-33565 2^^$gi3 ilA'i^ltCitjS-ri.* 
ffli^fraJliO 9/08656 St^h^, 

[01413 mmmmmt. mmtizy- vmm 

9 A<r)xmm.^mmn. y- v^m 1 1 mm-h 

w)i(i lA) ^i!'(l:-r^^t^:<si (fflgi) SrK 
^^m. 2 0 9 (I jl8A L . I4^*jec7)7|<^i-+7K«I-^*' 

;^^^ia2 4 0 x'^Ltz^^+Amm.-^^'7.mm%. 

ti, h*6ii^9 A<oXP(gMIt:fflv^^c*^^+*^?l 
hffi»M9 AOTfilfaB#<7)ffljSt|ilt*it(i-eaj: 0 

{>m^\iz^^^m.bth, 

[0 14 2] ^O^a^troittciDK^ (S i ) 
1 (^mmtmt^ix. mll<n^3. -y Yx.'yi-yyjMX' 

m^tixn< ^x^izy- vmm9mmx. y^-yy 

m<n^m^zmm-hfz>!b\,z. ryy-fi y h ^titzy- 

17). 

[ 0 1 4 3 1 ^fc. ±si<mmL>m.i:mmi^ t . 
y-hmmi i<r>mmcom^mm-f^'ma±^zm< 
=5:0, y-hwmi i<r>m^x'^7-t-y hij^^ttz*). 
MI sFETiot#v>ffl«E (vth) ij^mmij^h-m 
fz'oti. tfz. m^i-^^^/i-m^y-hmmi icom 

Xfij:Ota<:5^•Si:V^o7traSt^t^. mz. y- 
0. 25 m m*?S(^^*B^M I S F E Tti. y- 

mt<Mm^ix^. zixii. m'om.i^mMzmnttz 

izm-ri>i)>i^xhi. mr>x. ±^nmmmizX':> 

xfs.m^mitm<:ojm^i. y-hmmm9Aeom 

[0144] mmifzy~himm9A(ommmi. 
wmi iAt:y-^^~~yyLxy-hmmiim^L 
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izmzndzttx^i>. -t^shiy, y-hmm9A 

(r>'mm. t y- y^m. 9 A<mmmm t ^-s l 

Tff^dt ^c7):^-&, y-bSffillCO±gS 

tiMftxunvMi 3xwoixx\^hfz^. y-vm& 
1 \mr^<ny-Ymm9 A\,z\.t. y-\'W&\ i<o 
mmmtxmmmt^^tii. 

[0145] mz. m 1 Slc^-fJ; ^ tc, pM-^x/u? 
iZnm^ms. MHiP (vy) t:^:^y^xLxy- 
hmmi i«oMfflii^opM'>x;L-7tcn- m^mMMi 
6imm-6. trz. nMn^x/i-stpS^f^titi!), mi 
(fB it^^m) i:^^yfjib&i^Lxy~hmmi \<r> 

[0 146] <5:(C, HI 9t^f i^lC, ^''-hSfiil 

1 <mmz-^^ Y-^t -ivx'^s-'^ 1 8 Srii^^-ri. . 

^ 1 8«, M^lfa«i±tccvD 

t^x-yf->^L. itfOM^bxUny^iy-NWffil 1 

[0147] mz. pa'>x;P7tCna^Mft. ^Ji-tf 
As (hS) S-^:tyJT*>ji;^Ltn* S^SftfflJi2 

0 (v-;^, vu^y) ^m^t. nS-^x/i/StipS 
^M^. M;ttfB (*'^^) S:^^ytT*>a;^Ltp* 
M^«tfflJ«2 1 (V-X, KU^y) Srm-ri.. CI 
C: * Tcoigtc J: 0 , p M-^^x/p 7 n ^^;^MM I 
SFETQn^sjgfig^iX, nM'^x;U8{Cpf-v^;UM 
MI SFETQp^sj^Bg^fLl,, 
[0 148] »:{C, ia2 0lCS^t-J;3lCs »«l±tC 

) 2r-7;^^tL.TK^bx'J3y)^2 22rK7 

^x-y^yi/ti.::t{:j:o. n* m^ii^mm2o 

(V-x, Hb"f y) £7)±m::3y:5'^'h*-;i^2 3je 
IKL, P* m^i^mm21 (V-X. HL''f>')c7)± 
gpt 3 y b jj^-yl. 2 4 ^m^-fh . 

[0 149] 02 UCS^-tiet, K-fti^U^y 

m2 2<o±.mzcvY)mtfz\,ixn'y^^^) y/^T-wii 
<,zLX'vimif^9-~yy-thzt\.zi:y) . ©•fti^un 

y)12 20±gPt:iEM2 5~3 0 SrJg^tl- . 

[0150] ( mk<r>mm 2)m\L>")^y-h-^h^j:hy 
- vmm<^±.mz^w^Mom^j:^<^^-? mi'm 

zttphh. icon^tLx<>i. y-vnmimx'hi 
iffiait3!)^iSt^««ttWr4-C'*SS-fl:^:?y (T i N) , 
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a^k^'y/xry (WN) . ^-ffc^UT'T^y (MoN) 

a) , (Zr ) , j\y=.^A (Hf ) ^ri:' 

(0 1 5 1 ] wisi (tfzHMom) t^ff^TBmiti^ 

1 0 1 5 2 ] ii', 02 2 fc^-r J: o iz. mummmm 

1 J:|5l«co:frffiT'pS'>x;U7fcJ:t/nS'>x;t'8c7)-?- 

*»/i>=5ri.iiJf 5nii5fesifio^'- himm9Am&uz 

r±. y- Y^mm 9 A<7)±mzmm^^-< u tik 1 2 

:/«*Jt(iCVDST'llJi5 0rMSJS<7)WJll lA 
JtfiMo^) 5rJ^jS-r§. ^Stt^N'UTMl 2«CVD 
ffi^JttiX^N'y ^' U yi/ft-Ctt^L/cWNM, Mo Nli 

[0 1 5 3] <J:C. Cc7)4tl-Cy-Mffi^lS9AC05J:|f(| 

(w, T i tfumo) mitti^ 
[0 1 5 4]Mx.i,£y~hmm^mipv/. ^^onufw 

n ( a ) tftis ( d ) ti,zmtritzmmn^mf^iz^^^ 
tt:ym+mi^-^:v^mm%'\'Tmtminozbiz 

^j:uzy- himm Acnxmmu-t^ ^ t ifix-^ 
I, tti. y-h vMtin-f^M o , A' y TMm^M o n 
x'hi^it. m/m^mmm(h) tm 
(d) bmttii::mm<r)immz^^Lfzm+m 
M-^:vxnm%'px'mMinozbizx'o. y-hv. 
mtinaxw^v rtimmittiz t ^j:uzy- m 
mm9Acr)x.mmm-i>zbi}^x'^i. -r^^b^*, c: 
itic,<^«^{±. mtsmtmrni bmrn^yimx-y-hm 
Wtm 9 Acoxmimut^ zbt^v^i. 
[0155] y- hmmMmm ( *7ttiM 
o) . ^^vmmriNThi^^. rut. mmm 

*)mimmti^:k^^'>(ox\ Ti^mnmizmitt^z 

b^j:UzSiff);^rMtRmzmitthZbitX^^j:\>\ 
•t^j:hib, Z<^m-^ii. friBHSSff^JSl b^m(^1fmX' 

y-hmtm9A<7)xmmino b^^'jrm^mit 
[0 156] L*»L. zm'^i>mmimm<r>:^^+ 

cr)7iiji^m<mmzm.-thzbizx<o . rmxtf^ 
s i <oi!^tas^a< i-^zbii^T^h <r>x\ vn' u r« 
i^s-fbSrft'MiRt t mx y~ vnm<ommmim 



Wi, *:M-?iJe*n iif^ L<«l:ppin -10 0 

ppm w§.<r>^'!rt+imm.-^ifxmmnA>xwm^:'fit 

[0157] :>'-hSffi*tiRoi!'ftS-|»r. *oA!Jr 

i:mm-ii&coUmb t-C, *:Ji-/*^^jEJtSlll 3 
( a ) ( y- h M o m^ii ( b ) ) 

(d) tt;K^ix;tffll|g(7)$eHF*IlciS^Uc7)<^ 

+7mm.^:^'Mzmmtfzi,iTy^~T^mMUz7(f:^ 
[0158] ^mtfz\<iTy=t-r^m\!iUzm+:^ 

S^ii-^^x^Hm+t'^Jjaa^rff 3 1 , 1 1 A ( s 
?ttiMo) li$:jltt««ttAijr)il 2*tC0Hai: 
t *Jt£t5[ L . O H ate J: I, T i coKYLRJS t g^tc 

J; I. T i (ommmb ^M^tl , -ec7)^ci6, 

vrmi 2<7)m'itim\Uj:*^^y-hf&mm9 Acox 
(f. ^mtt/N'UTHi 2ff)mim&ix'^imm<^ 

lZbtimtU\ ttz. Z(r>/fxmmLfz^^i,i. 

HM^ks^'j 3 yiRKSJ«i$iti.c^T\ my- vtmrn 

9 AcoSffltt. ^siSWEA-'? l,Zfti]±ti> . 
[0 159] mz^ [12 3tc^-tJ:3(c, WMl 1 ACT) 
±gPtCVDj£-Cl^lf 5 0nm~l 0 Onii^c7)g<[:i^u 
nyHl 3$rit«Ucf*, 7^ hUi-'xb^l 4 5rv;^ 
^ L-y'v: K 7 X -y y 'J 3 1 3 1 WM 

1 lAt5:>'N'^'--yj?--ri..Ii:{cJ:0y-M:@l 1 

s*ii9ASrS4-ri.^^«6tc, miimmmi tram* 
jaa (MM) ?rff3. tea. ^HJSJBffitcfci^t 

y-h«lil l$-J^Rgt^f*fc3-'-h«s^!i9A<7) 

xmms.bm.mmb i-ii^Lx'iiozbmth, 
[0 16 0] (%mcr)mm.3)m\Li^')^y-b-htchy 
-vm.mzMiti^'j^y'm.wm.x'Smm. m\,z 

3 ran*}! S T'»< -f S t , h y ^VPmiigtfOf^^^^ 

mmt:m.'^^')oymh\^imti^') 3 ylgltMA: 
[0161] M'fb^'JnyMW. K^tv'jnyJliOi) 

iKoiiiJfj:'9i>si<^rs. y-vmm^m- 

cOS-fkv y 3 yffiS^ h \ Hi-^ii i: M^kv- U 3 y t ct)^-^ 
fST-ffifiK-f S i t tc J: •) . S?<Li^ 'J 3 ywm^^titz 
y- MSSSISlcJt'^T -^-iOl^lilf $-9 < 1 1. ^ >{p't' 

^tcr>x\ m.<n^mi^m-thzbti^x'^h. ttz. 

mt^ U 3 yffi-e^fi£$n;ty- hffiiSlico±g|5tiw|g 
^X'^h. 
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dr tW, «|gi:^I.^^Oitl«*$:£i . ^cOM 
d i . ZK^ti/ 'J 3 y<7)iti^«^2: es tltzb^ 
fc, ll24fc^-r^T'^«$*T,|.llff-C'feS. 
C 0 1 6 3 ] i^^kv-y 3 y ( S i O2 ) i3J:t/M^I:i/U 

' 3y (si3 N4 ) (^mmma. ^ti^ix4^4. 2^ 
- h*6MiMfcMJ? 3niiic7)i?>fbi^ J 3 yig*»/i>^sy- b 

tfz, !i/i2nnc7)i!^tx'J3 
y|ii:)^2ninOS^kv'j3ylg (J^»Kff=lnm) 

[ 0 1 6 4 ] y- hmmimt'^ u 3 mt'^o 

3y|g?:±jS^t-rS#-t L<t±«-^lfe(ilS) T'fllJS 

02 5 tip-f J: a iz. m%dMmm 1 1 

^XvcVD-ffi-C'iflS-ri.iOt. «^l(c-^;c.S^^p< 
- V ^(ftE C V D ft-fj^fig L7t:fir*s J: \,^. tfz. 

i^vaymm^Lxhx\>\ 

[01 6 5] ±iey'-hjgiiM9B miti^uziym) 

(Dzwtiti^ u 3 ymn-fmii. d:(oxmx'-^(r)±mzm 

mthy~hnm<^y-hJ^i^O. 2 5Mm~0. 2/^ 

0 . 1 4 x< mSJgc7)^^(±4 nm*j||, S ^iZV- h 
0. 13jum~0. lumm^COm^iiSm^mtt 

5. zff)^. y-hmtm9B iSiti^v^ym) co 

[0166] ixiz. m2eizyi<tXot,z. y-h^mm 
9 Bco±.mzx^'<-v9'j y^mtf.:i,icvDmx'm9-5 
on«c7)wiKi lA itfzi^mom) imm-h. 

[0 1 67] M<kv-'j3y*»4,;5r^y-h^)l9Bco 
m>t,z\,t^ i<r)Wi.W^i.z±t LXSi- ^1&^<r>xmi,z 

mzwm 1 1 Aim:m.-fh t . mmi,zvvm 1 1 a 

(nm'^^zm.Ltzx b vxi:^^m.T<ny- Vimm9 
B (g-fl:S^U3y^) l.zMhh<r>X\ M#co^ffiiS^O 

y-h^m9B^^zhxmti^m.th. zMit>')^ 
ym's.mmmmm<7immy-vimm:9B{,i^ ±iE 
CO J: a ^£xwm^izh-ftp^z^i,tzf3^x'^mwm 



( 0 1 6 8 ] -ecl-c, mimMm^A^X'^x^^ 1 
at. wiiii I p.^^Mtx^<r)-fm(r>y-himmB 
iizfrnim^th c: i: t J: -5 T . 9 b «^ 

B^mm-hmti^'joym^z-^^-fhs i -njs-^o 
^5:«@i0ft=i!*$-^A L, s i - o^^mm-h z t 

y-hmmm-\X'hl^i:Mit-ti>Zb^j:UzS icr,^ 

iMmmzmitLwtni^j:i^^j:\^<^x. mtmmmm 
1 1 m/m-^mtimtm 1 3<7)fliis ( a ) 

tftSK d ) i:tCj3^tfL7tfM£OiEHrtKfSStfc7K^ 

(h) tmid) b mtixtcmmmmzWL&t 
f.zm+yiimm.-^:^'xmmn,'PX'mm^no . ttc. 

mtx±f&ti. 

[0169] M^tx 'J 3 y^t B^-ILi^ 'J 3 yjit c^ffl-^ 

ig*-'o^i.y-bffiiSii9BS:}e^-ri.Kti. c^ittf* 

«1 (pS-^x;!^?, nM-^x/kS) <7)«®Sra4i!'ft:L 
•CKiti^'J3y^?r?^B!cLfcf*- -?-0±g|5lcc VDa•C' 
g|bi-'J3y|i^tt«^^« CcO«^t, ±ie*:}i-+* 

tt-rs s i -m'^(r>ximmti x vm-iti^ v 3 ymiz 
thzb izx^xxmism-h , 

[0170] g-fki/ 'J 3 y^t K-fbx 'J 3 y^t 
)MT'ffl)S$n/cy-h*^jl9B(7)^|!(S#a(i, 
*^-g-;<r;^{ca#i/::«Tytxr^»L/v:;y;?.# 

H^+Tif->tij;v\ zcoi^^ii, y-hmtm9B 
co-^xhm^ti^^)^ym^mm^z^m^ixh(o 
x\ y-himm9Bmm^i5xr/mtmEi}^^h{z 

[0171] mz. m27t,z^-rxoi,z. wmi 1 ao 

±gBtC C V D mxm» 5 0 nm- 1. 0 0 nn^cOS-fbi^ U 
3yKl 3S:Jt«Uc^, 7* M^i^'XhMl 4S-VX 
;7 1 Li^c H 7 X -y f - y ^^T'S'fb V U 3 y|i 1 3 i: WH 
1 1 At2rVN-:?-r^y/Lty-h«ffil 1 SrJ^^f 

[0172] {ms&mm4 ) mmrnmsTn. m 

it'^ U 3 y^c7)$<? 2^c7)|^«$^^oy>g^[:j^ a yji 

?:jefi!tL;t*^ m^ti^ >j 3 y|g J: 0 1 § hiz^^mmm 
(ominmimm ttz^^ii , u 3 yj^acpip 
*s 5 nis^mtriimm Sr g^ts^ y 3 yii i i Hi ^mjit 

J^^T'^ SCOT', Um^^M I S F ETCOJ^^*^'-^^^ 
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[0173] s^bx'j 3 ymx 0 i>-^^^m.mi^-rh 

i^-hmtmm-\bixii. mtfyf)^^ (Ta 

Zti}"^, DDRAM(Dynainic Random Access M 

8 0~ 1 2 0 1 § A>tcit(,^iEil:f-^ , T i Tijiv- 'Jtf 

fl!!. ^:J'yk[lt4AlS^«rj)Si/;1^3:i'>iH (Z 
r) ^J\y-'yA (Hi) COmt^ (ZrOj , Hf O 

[0174] mi^i, mti-^yx-m^^tif^y- hf& 
t^-ti: d (c. luis^JBg® 1 b mm<o:mx'm. 1 1 

pS>>x;P7J3j:t/nS'>x;l^8SrJ^fi?L, ^V^X^-it 

c^±a5{c^>'t-7 u yvrnx-m^i-^ ym^mLLx f 

IUfSr*1;4 0niii-6 0nmi:-tl.ittJ:0, ZliJ^bi^'J 

[0175] 02 9{=^^-r J: 3 fc, "f-Ymm 

9 C cr)±a5(cx A- .y y y ^^^4 /itiC V Dffit'HJf 5 
Onn^^^Wlil lA (^fcWMoffi) Srjg^tl., 

[0176] ±iey- h*6Mi)i9 c^fli^-rsg!ik^^ 

coy-^A-xt^l-XFil (it LtMfB+^^fB?4^tc 

9 C <7)±g|5CWM 1 1 A SrBSJt«-ri. t , fiJc^B* 
ICWJ^I 1 A(:0M4'{C3^L./cXM/X*5^<7)irF<7)y 

- h mmm 9 c (c jpt) 1. 7tJ6 . m^<7)^m)&mcoy- h 

t Lxcr>mmi6mwmn-yrcmit^9ym 

[0177] miti-^ycoi: o^j:mmM,^mmi}>h 
^j:hy-hmm9c<7)xmm-mz^i. m-itm 
m^'pxmii^iimmi, wmi lA^jitty-b 

[0178] »mmmimm^ti-^yx'h?,^ 
±feg«t±. ^co^mztm^ixfcy- hmmtt 
mxhh^i:mwmzmitt?>zb^j:UzT i 

m^i. m/m^Eitmtmi 3iz7ntm (a) 
bm(e) bizmtiifzmm(omf^izm^if.im 
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oiz.Ti li^^+yi(.m^-^/fxmm^'¥X'ff)W- 

x-mmin-^tzm^ammihrnit^ti^. ^com 
sk. y-h imm 9cb -ewiro^Bi i b <r)^mizm 
it'^v^ymmmti. y-hmim9C(Dmm 

[ 0 1 7 9 ] -e^f. SKtvU 3 ^-llO^ftSrf^ htl 

mm^z^^Lxmrntrfrd . zti^zx 0 , sifom 

im&1)m<^j:?,tii!biz. fflglOiS-fk^ft/lNKRUtt' 
y>T y- h^M9 C co^pg^ismi-l. ; b tn-t I . 

isppm ~i 0 oppm nmzRMt. 4 0 ox:~7 0 ox: 

com.^mx-mmi'iyo . 

[0 180] luiSL/iZr^Hf li. Tibmm. m 

+yiimm:9^w^mizmfmit»ji'?-mm^s 

i(r)^tix*)his^^mzhh, m^x. ztii^(o^ 

^mmmizrOz , Hf02 )mmt:m.i± 

iztmLrcy-vmtii^9Ci:m&Lrz^-^. f<7)xm 

i!^tf-^VC««§^l^fIiB^'-h^lK9C 

<7)mmubmm<7)i:mx'nd , i-^j:hib. m/m 
^mtti^y-hmmmA (w) im-itit-r. zixhco^ 
a ( z r , H f ) ff)^rMiRmzmit-rh x o ^sij^c 
m^^titzm+:^mm.-^if^wm%'^x'm>m^^ 

[0181] -1]. m^t^ y^)\^x'm^^iirzy- hm 

(pS'>x;k7. nm^yx./us) co^mzcvomx-m 
iY.s y9)vmmmixy- vmm9c mmt . 

Z(r>bt. Kibrf>':?;WK<^KJfSr**Jl Onm~l 2niBi: 

•ri.cittJ:'}, -miti^v^ywm.m-ifi2ia(r>y- 
vmm9cmhti^, 

[ 0 1 8 2 ] K'ftiJ' y ^;p*>4>^.i.y- hie^J19 C<0 

xmm.'th^zi.i. ^(r>±.mzmmixi^y-vmk 

tmm%'^x'mmmo. ttch-h. y-vmm 
9cc^±a5tcw)gi 1 A&tftwtfd^, m/:^ms. 

m.<r)^mHzm.'^Ltzm+A^nw,-^i}xnm%'¥X' 

^+*^^;y;^#ffl$\+T'S i J: 0 ts?<i:MS*-'/hS 

v^(7)T'. s i i^'s.mzmit-thzbtcuzr a-cT)?).^ 

mVcthZbiiiX't^j:^^, -ttchh. m\\Li'y9)Vf>t= 

^j:hy-hm.mc<r>xmimm-h^\.imin^ 
mi^zmit^iih. fio^m, y-hymmcbi<r> 
^(r)m.ib</^m^zmti^')^ymmiii^fi. y 
- Ywm9c<Dm^m^j:-mti^ u o ymnm^ifi^ 
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[0183] Li^t. zcom'^i^m&mif^io:^^^ 

1 miti:m'\mz t t'ibx y- htmrn 9 c (r>xm^ 

x<r>7i(.Wim.^ 1 %- 5 0 %m&i,zmM l , 4 0 0 -c^ 
7 0 0 x:<r)mmmx'mm s-it e . 

[0184] IMiUzmti-i' mit'J)\^o~^J^. 

y-hwmfA (wMi 1 A) mmtimiz^-iXh 

miz+mmm^t^zti}<x'^^cox. 
m^x'oimi.zmm-thztti^T^i, tztzi. wia 

1 1 A c7)tt«C i o -C N i^li 9 C 1 1. ^ 

mmifzi^iz^i. wmi 1 AcommikiziMiffmrn. 

[0185] ±siLtzm^^Emm*'t,:^j:iy-h 

om^j:t''k^^:?--yyLxy-hn&im&u.iikiz 

l,z-th-t'ti'ff'yXhX\>\ 

[ 0 1 8 6 J ^s,mmf}-(>^j:i>y-\^mtmii. mm 
^*58~i oc^r;^S1^ (A I2 03 ) t:mr>xmis.t 
IztiilfiT^h, tt:. ABO3 m.<o&mfr>^r3fx 

ijA Ywmk^^mm.^x'h'yx . mimmzas^ 
xnmmzhh^mmm mm^^T (^^j^^k 

[0187] ( ll)lfic7)jf^.^ 5 ) li^b^^' y . 

i»l«9Cti. W)lots:-nm,z}^'>X'f&m-hZtioX: 

[ 0 1 8 8 ] ll-r. 03 0 t^tJ: 3 tc, MIMJg® 
1 h|31«c^):^^-a•C•««l^^pS'>x;^7fcJ:tXnS'>x 

Ti)S3 1&itatl.. 
[ 0 1 8 9 ]}*:(=. 113 1 tc^-r J: a (c, 
BIsjSp'S i S:||®Wfci!^t-ti:-f . T i <r)7i.^mmm. 

itti X a ^srw-^ ( BuiBii 1 3 mm (d) tm 

mm-^:^^mm%'i>x'm. 1 ^iBssti., ^^itcct 
0 . ±iBT i !g3 1 m'ft^tixm.i-i^ ymz$sm^ 



[0190] |5i«<7):^ffitmv;i/3X'>All {tfcit 
ig-f|yN7-'>AK) *>^>^l.y-hffiMSj^9C$r?BjSt 
SJ^ti, a«l±fCZrffi itfziiHfm) S:it«t 
^^f^. *^/*^^ffJt*^'»Kl (Si) lr||«WKS 

^c-t-r. z r (ii/diHf ) co;^rMmi<zmitthx 

0 ^j:m-^m^^tLfzm+Aimm-0t:ffmsm,'^x'£ 

faim^t^^y-oj^m) *^^>^ri.y-b^K9c*j# 

[0191] m.i±izimuz^mj^mmicr,m 
miz^-tifzi^commii, mimmm±mz 

\<\ coJi^ti, tr. m3 2iz9f:txoiz. mmi 

(pM'>x;l.7fcJ:t>'na'?x;l/8) ^±mzx^-^y^ 
y y^^T-T i )g3 1 5r«l«L^f*. T ili3 1 
tCXVN-'y^' y y^ffi*/ctiC VDffiT-^W5 OimigScO 
wm lA (tTtliMo^) SrJ^^tS. 

[ 0 1 9 2 ] yk^/7i(.m^mti)<s i 

T i <7);f^i:mm^zmittiXo ^rfi-^ (fr 
leni 3<Dm id) bmie) i:izmtixtzmm<D 
m^^ixrzm+yi<.m&-^^xmm^'PX'm 

07j<^(c**-ri.B?^kS (OHa) *^wiii lAitrc 

UMo^) S:fflt-CTi^3HcfSAL, TiM3lS 

mit^i'ymiz^-th^^. mssiz^-txoiz. y 
-hmmmAx-h^vvmi ia {tfz^mom) c^mr 
^zmt^i? ym*^(=^j: h y- yimm. 9 c m^i^ti 

TK^+Tk^ig-^^ifX^H^+TISM^rff -5 T twig 1 
lA (ttzHMom f}mt^ii^Zbi,i^j:\>'^X\ y 

[0193] K<tJ^>ax>>A)«^iKl:A7ri'>AM*> 
A|iSr±iec7)*&-C'i?-ftt & t J: o-cmtS C b 

[0194] {^mmmt ) zMiti^ y o ymnm^- 
*i5nii*}ic7)iiif^*t, miti^')oyi±W£mb 
■fhy-vmm9Ai,i. 'miio^ji-^m^ziinxm^ 

•f^Zbi^Xth. 

[0195] t-f , 034 {.z^s-fii a mfiE^JfeJ^.^ 

1 i: |3ia<?5:Sr&t'»K itc p S-^xyi. 7 J; n M'fx 

iSM^rl^UcfS, ^ixh<nl.mzxj-^-y-^^)y-/W^t 
/ttiCVDft-cmSOiMSScOWl^l lA (SiTtliM 

[ 0 1 9 6 ] wm 1 htii^^^tltzlMm. 1 
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m 1 3 com (a) tmid) t mttitzmmco^ 

10 197] ±ti<7)mM^'€dltlzX*). m+^H 

mm-^^^^'pcoTiimz^^tim'im (.oum) 

1 lASrJitTX^Kl WiAL. ^<r>mmi3mt^ii 
I. ZffMiSk. 03 5t^-rJ:3t. W)gl lAtSiK 

-hmmm9Ammiih. iKDumzxtiii. m 

himmmmizkhx-^^. 

mm.if5 5ox:^eoo'cimtht. wm i At 

x-mm^'riommi. mm^z, y-hVMm<^^ 

tl^')^-i HKISA^'^ th(r>X\ WXTcommiX' 

[ 0 1 9 9 ] 1 1 Kbwis. 1 t<7)^mf<zmiti^ V 3 
a. y-hmmimis.tf.zmz'€'^xh^\\ ^o*^ 

ti, t-f, ll3 6{c^-r<J:3l:. a«l (pS-^x/P? 
a XX/ na-^X/l- 8 ) <?5±^fc:XA- -y ^ ij V^^&S itti 
CVDfeT'^SOninSJgOW^l lA^-mLfcf*, 

A^ H^'fx.yf-y^tl.CltfcJ:'), 

SrJg^tS, Hi. Mo|g^K^>fX.y^ 

[ 0 2 0 0 ] 1 1 mm^h.rz±tm 

Birfeia 1 smm ( a ) t ( d ) t tcj^^n/cffl^ 

i 0 ^z:^ii^mmt:Wi^uz^^+mm-^^xim^'^ 

[020 1] jjecofftMssrff 3 w t i,zx 1 o« 

Ki:i>y-hm!m9A' m^^m. zcot^. y- 
hWMiim^-tiwm (1 lA) ^mtxy-hm. 
ffii Komrcr^mnzm^m (ohs) ims^i 

hm^i 1 1 OlET«7)»K 1 a . ft!!iOSJ^O«« 1 (cjf^ 



[0 202] ^fc. :>-'-hmffii 

thwm ( 1 1 A) Fft^ 

[0203] {mL<r)mm.i ) ^mmsm,i. y-^i^y 

(Damascene) ffiSriSe-^t ^r'-Mflg^Jg^-fSM I S F 

[0204]i-r\ii38 t^t ct a tc. frienifi^® 

1 tnm<^1iW:C'W& 1 tpM-^x^P? J3J:UfnS'>x 
;P85:»^L3tf^. pa'>x;l'7i>J;t/na'^xyl^8<?> 
'?-tl'f tl^7)^iStCSo ^^K^bi^ 'J 3 >li 2 c7)±g|5{CC V 
DffiT'lilf 5 Onu^gcTj^i^^i^ ij 3 yJS4 1 A^it« 

[0205] I139t^-f iat. 7*hU-i/";^ 
Ml (H^it-T) SrVX^'tcUcK^-^Xy^y/T-^ 
^^Bv-U 3 1 A2:y^:?--y^^Lty- F«li4 

1 L?tf^. m^mm 1 1 iBi««o:^rffi-cy- f 

L. §/olCpS'>X/P7lCn* a*^«:^«2 0 (V- 
h'V-fy) . nS>!7X;l'8tCp* S^^ft«1^2 1 
( y-x , K k ^ y ) i^ix^'imm- h.tc^. ±15 
y-hmffi4 1 mmmfMrnin^') ::iyX'ts:< 

thx<. mti^imti^') 3 y^£ mm-h zthx-t 
I. 

[0206] mz. 040 t.T:-r j: a fc, 1 ±tc 
V Dffitmi^ u 3 yM4 2 mm iti^k. it^mm 

mmz-miti^ U 3 y|K4 2 srwc-rs ^ t J: -^x . 
^<r)mm<D^^^:y- hVM 1 1 os? i,z-^h-^i , 

[0207] 04 Itc^-f J:3tc, mti^'Jziy 
m4 2i:-?X^I,zlt:Yy^x. -y^y/X-y- Fm 1 

iimt:tizbi,zx-ox. y-hn&i icoT^com 

mi (pM'>x;I/7, nS'>x;l.8 ) «B5-Eai$-ti: 
I., 

[0208] iJCfc, 04 2 t^-t J; a h®ffi 1 

icomiiizx-oxntiiUzmmi (pS'^x/i.7. hm 

'>x/l'8 ) ^StcMJf 1 niiimTeofiii^T^V^it-fLi^U 3 
yM4 3 , ClOiS'ftv' 'J 3 y|g4 3 (i. 

7j<*;i-&;i^x#H^4'T'a« 1 ^mmth ztizx-:: 

%SJ^. SftW^iSSti. mtf 7 0 0X:~8 0 

[0209] mz. 043 i,z^.-rx i ±iei?^fcj/ 

3 yjg4 2 . 4 3 «±gi5{c-i?^bv- y 3 y^»JS/f *i 1 

fzim'm<r>y- hmim^mwimx'htni\,^i^ 
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» » 

[0 2 1 0] [l4 4tc^-rJ:ot, il^Lx'Jny 

(14 2 (D^s^comt^^ym 4 4 s-^t^^wmsm 
Tfe-r-i.. ciwcioT. h«ffi*<jgfiK$ 

fc # , bffiiStlS9 EcO-a5 (K-fb^rJ' y|S4 4 ) 

I.. 

[0211] }x^z. ±iey- h^ii9 E^m-r&s 
-fk-^u aym 3iiSixm^^'9ymA Acom^m^ 

ffltA^ s i it^T i mitth i. 0 iz^^titim 

[0212] mz. 114 5tc*-f J: ^K, H-fki^y 3y 

^4 2iiiuy- vimm9 E<r)i.mzxj^^y ^ y yy 

4 2(n>mm^^'!c^mmmmm^^h:iuzi. 

•5ty-h«flil l^«-ri.. iti, M 

T-p M'^x;l' 7 n f- A- ^-;PMM I S F E T Q n i^Jg^ 
nM'^'X;W8fcpf-^^»;USMI SFETQpj!)< 

[02 1 3] iieUvi^Vi^yftlcio-cy-hmfiil 

1 srjgmL^^ti. y- haaiisiQ E<7)-a5*<y- h 

iffii.i{ct?gfi!c$ixi./i;i6, y-bmsi \ <mmj 
mza Its y- b wm. 9 E co»ffi*^(6i±-ri. . 
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